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ABSTRACT

A Study on combining ability and heterosis were conducted on ‘Y F, hybrids
along with seven rice genotypes field experiment was carried out at the Farm of Rice
Research and Training Center, Sakha, Kafr El-sheikh, Egypt using to line x tester
mating design, during Y+ VY and Y+ Y seasons. The objectives of this investigation was
aimed to know the pattern of inheritance of some grain yield and its component and
grain quality characters in rice for selecting superior genotypes. The present
investigation. The Line, GZ Atce-1-A-Y-Ywas earlier and shorter than other linens, its
estimated values of days to complete heading and plant height were (34 days and
41,Y¢ cm), respectively. Among the linens, GZ AYYY-\Y-)-Y-) followed by GZ A¢oe-T-A-
v-). were found to be longest panicle length, highest number of panicle per plant,
lowest sterility %, heaviest )+ + grain weight and highest grain yield per plant. On the
other hand, Sakha ):Y and Sakha ):Y were found to be the earliest Testers.
Moreover, Sakha +) was found to be the shortest tester. In addition GZ A¢eo-1-A-¥-)
x Sakha VY followed by GZ Afoe-1-A-Y-) x Sakha )¢ were the earliest rice cross
combinations. While, the shortest plant height (A, ¢ cm) was lasted from GZ A¢eo-1-
A-Y-) x Sakha Y+ V.

Analysis of variance revealed significant differences among genotypes,
crosses, lines, testers and line x tester interactions for yield and its component and
grain quality characters. Both GCA and SCA Variances were highly significant for all
the studied characters indicating the predominance of additive and non additive gene
action in the inheritance of all characters. The estimated ratio of GCA/SCA was lower
than unity for all the studied traits except days to complete heading trait, indicating the
importance of non-additive gene action in the inheritance of all traits, except days to
complete heading trait, which was fond to be controlled by additive gene action. The
highest heterobeltiosis were obtained for cross GZA421-3-v-)-¥ x Sakha ) ¥ followed
by GZ A4e3-3-Y-\-Y x Sakha V'Y, GZ A40)-4-v.)-Y x Sakha )+ and GZ A401-4-Y-)-¥ x
Sakha )Y rice crosses for number of panicles/plant and head rice %, respectively.
The proportional contribution of testers was observed to be higher than that of the
interactions of line x tester that revealed the highest estimates of GCA variance.

The cross combinations GZ A3e3-4-Y-)-Y x Sakha )V, GZ Afee-1-A-¥.) x Sakha
Yot GZ A£00-1-AY-Y x Sakha Y+), GZ A301-4-Y-\-Y x Sakha )+ ¥, GZ A¥YY-IY-1-vo) x
Sakha Y+{ and GZ AYYY-\Y-)-Y-) x Sakha ):) were observed to be good specific
cross combinations for grain yield and grain quality characters to their highly
significant SCA and heterobeltiosis effects. High broad sense heritability (31,YY7%) was
recorded for days to complete heading. While high narrow sense heritability was
recorded for number of filled grains / panicle (°+,)¢%). Highest estimates of expected
genetic advance were observed for gel consistency and Y.+ grain weight. Highly
significant and positive estimates of phenotypic correlation coefficient were found
between grain yield and each of hulling %, milling %, head rice %, grain elongation,
gel consistency and gelatinization temperature.
Keywords: Rice, Line x Tester, heterobeltiosis, combining ability, yield, its
component and grain quality traits
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INTRODUCTION

Rice occupies an important position in the Egyptian economy. The total
area under rice is about Y,V million Fadden producing about 1 million tones
of paddy rice. Breeding strategies based on selection of hybrids require
expected level of heterosis as well as the specific combining ability (SCA).
The rice breeders often face with the problem of selecting parents and
crosses for improving high yielding rice varieties. Combining ability analysis is
one of the powerful tools available select the desirable parents and crosses
for the exploitation of heterosis (Sarker et al., Y++Y; Radish et al., Y++V).
Presence of heterosis and SCA effects for yield and itsrelated traits are
reported by Nuruzzaman et al.,, Y:+Y; Faiz et al., Y++1 and saleem et al.,
Y++A. To exploit maximum heterosis using the hybrid programme, we must
know the combining ability of different lines and restorers. The performance
of parent may not necessarily reveal it to be a good or poor combiner.
Therefore, gathering in formation on nature of gene effects and their
expression in terms of combining ability is necessary. At the same time, it
also elucidates the nature of gene action involved in the inheritance of
characters. General combining ability (GCA) is attributed to additive gene
effects and additive x additive epistasis and is theoretically fixable. On the
other hand, specific combining ability attributable to non-additive gene action
may be due to dominance or epistasis or both and is non-fixable. The
presence of non-additive genetic variance is the primary justification for
initiating the hybrid program (Cockerham, Y41); Pradhan et al., Y+ +1). There
is need to study various morphological traits to get better understanding of
inheritance and select or identify superior genotypes. (Mishra and Verma
Y++Y, Mahto et al., Y++¥ and Swati and Ramesh, Y-+ ¢). Heterosis estimates
were attributed to both additive and high degree of dominance or epistasic
interactions and both for one or more yield, its component and grain quality
characters. Vanaja and Babu (Y::¢) pointed out that yield increase in rice
was due to favorable heterosis in number of grains per panicle. In this paper
an attempt has been made to assess the combining ability and to determine
the nature and magnitude of gene action for yield and its related and grain
quality characters to explore the best combination of hybrids for the
exploitation of maximum heterosis or hybrid vigor in F hybrids for yield and
its component (days to complete heading, plant height, panicle length,
number of panicles per plant, number of filled grains per panicle, sterility %,
Y++ grain weight and grain yield traits), and grain quality characters (grain
shape, hulling % milling %, head rice %, grain elongation %, gel consistency,
gelatinization temperature and amylose content %).

MATERIALS AND METHODS

Plant materials

The experimental materials comprised seven rice genotypes, three
genotypes (GZ AYYY-IY-V.YY GZ A%eY-4-V-1-¥ and GZ Atee-1-A-Y-Y) were
used as females (designated as lines for high yielding ability, good grain
quality and blast resistance) and four genotypes (Sakha ‘:), Sakha -V,
Sakha 'V, Sakha ‘- ¢) were used as males. These parents were crossed to
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produce ‘Y F, hybrids using to line x tester mating design (Kempthorne,
Y4eV), This study was conducted during Y:'Y and Y)Y seasons at Sakha
Farm Station, Sakha Kafr El-sheikh, Egypt. Single seedlings of each entry
were transplanted in Y+ x Y+ cm spacing at ¥ x © m'" plots in a randomized
complete block design with three replications. The agronomic practices were
done as recommended. In this study, eight characters, viz, yield and its
component includes days to complete heading, plant height (cm), panicle
length (cm), number of panicles per plant, number of filled grains per panicle,
sterility percentage and grain yield per plant, these mentioned traits were
evaluated based on standard evalution system of rice (Scshu, Y4AA). Eight
grain quality characters includes grain shape, hulling%, milling %, head rice
%, grain elongation, gel consistence, gelatinization temperature and amylose
content %. The last three traits were evaluated by Cagampang et al (Y4VY),
Little et al. (Y 3°A) And Williams et al.(Y32A).
Statistical analysis

Data were recorded on twenty randomly selected plants from parents
and F,s plant samples. Combining ability analysis was done using line x
tester method (Kempthorne, Y4eV). The variances for general combining
ability and specific combining ability were tested against their respective error
variances derived from ANOVA reduced to mean level. Significance test for
GCA and SCA effects were performed using t-test. Heterobeltiosis and
Heritability were determined as outlined by Falconar and Mackay ()441).
Expected genetic advance was calculated by Johanson et al (Y4¢¢).

Phenotypic correlation coefficient was performed according to Dewey and Lu
(Y409),

RESULTS AND DESICATION

Means performance

Means of lines, testers and their hybrids for yield and its components
were reported in Table ) indicated worth of genetic variability for the improvement
each of days to complete heading, plant height (cm), panicle length (cm), humber of
panicles per plant, number of filled grains per panicle, sterility percentage and grain
yield per plant which are important in rice yield. Line, GZ Afcoe-1-A-Y-Ywas earlier (44
days) than other lines and shortest one (47,Y¢ cm) in plant height. Longest panicle
length, highest number of panicles per plant, lowest sterility %, heaviest - :grain
weight and grain yield per plant were recorded for GZ AYYY-YY-)-Y-) and GZ A¢ee-T-A-
Y-). Also Sakha )Y tester was earlier than the other testers follwed by Sakha Y:Y.
While Sakha Y:) is the shortest tester. follwed by Sakha ):Y. longest panicale,
highest number of panicles, number of filled grains per panicle, )+ grain weight and
grain yield per plant were recorded from testers, Sakha ‘):) and Sakha \:'¢,
respectively. On the contrary, lowest sterility percentage was obtained from tester of
sakha )+Y. The earliest cross combinations were obtained for GZ Afee-1-A-Y-) x
Sakha 'Y followed by GZ A¢ee-1-A-¥-) x Sakha ). ¢. While the shortest plant hight
was lasted from GZ Afee-1-A-¥-) x Sakha 'Y (9A,) £ cm) followed by GZ Av301-4-v-)-
¥ x Sakha Y:) (V:+,¢¥cm). On the other hand, the longest panicle length was
obtained from GZAY4e1-3-V-).¥ x Sakha Y+) (YV,©) cm). followed by GZ A4e)-3-V-).Y
x Sakha Y+ Y (Y1,Ae cm). Highest number of panicles per plant, number of filled grains
per panicle, )+ + grain weight and grain yield per plant were recorded for GZ A%2)-4-V-
V-¥ x Sakha Y+), GZAIVY-)Y-)-Y-) x Sakha V:¢ and GZA3e)-3-v-)\-Y x Sakha V¢,
respectively.
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Means of lines, testers and their hybrids for grain quality characters
(Table Y) showed that wide of genetic variability for the improvement of grain
shape, hulling%, milling%, head rice %, grain elongation%, gel consistency,
gelatinization temperature and amylose content %. Highest mean values of
grain shape, hulling%, milling%, head rice%, grain elongation%, gel
consistency, gelatinization temperature were obtained from lines GZ Ad2)-A-
V-)-Y and GZ Atee-T-A-Y-Y respectively but GZ A¢ee-1-A-Y-) was the lowest
one for amylose content %. Testers, Sakha '+Y and Sakha )Y gave highest
mean values for grain shape. On the other hand, tester Sakha )+ gave
highest mean values for hulling%, milling% and head rice %. While the
longest grain was recorded from Sakha ‘Y (+,AYcm). Whereas the best gel
consistency was obtained from Sakha ‘:Y followed by Sakha ‘:¢ tester.
Concerning cross combination, the bold grain shape (Y.v¢), (Y,1¢) and (¥,1¢)
were lasted from three crosses GZ AYYY-1Y-)-Y-) x Sakha 'Y, GZ Atoo-T-A-
Y-) x Sakha Y+Y and GZA¢ee-1-A-Y-) x Sakha Y+, respectively. The highest
main of hulling%, milling% and head rice % were obtained from GZ AYYY-)¥.-
V-Y-Y x Sakha Y+¢ and GZA%e)-4-v-)-Y x Sakha Y:) crosses. While the
longest mean of grain elongation was recorded from GZAYVY-)Y-).¥-) x
Sakha VY followed by GZ AYVYY-VY-)-Y-) x Sakha ) +). On the other hand, the
cross GZ A4e3-4-v-1.Y x Sakha )Y gave the highest mean of gelatinization
temperature. Whereas, low gelatinizing temperature and amylose content %
were obtained from GZ A¢ee-1-A-Y-) x Sakha ) -:Y.Significant differences
among various traits have been reported by Surek and Korkut, (Y++Y); Swati
and Ramesh, (Y:+¢) and EI-Abd et al (Y::V). Their results showed that
different genetic systems involved in controlling characters, which
emphasized on important of study of these characters.

Combining ability analysis

There were significant differences among studied genotypes for yield
and attributes as well as grain quality characters (Table ¥ and ¢) due to
analysis of variance, which lead to the combining ability analysis. Thus were
partitioned genetic effects between genotypes into General Combining Ability
and Specific Combining Ability. Therefore, for days to complete heading and
plant height negative GCA and SCA effects were desirable, while in case of
other characters positive GCA and SCA effects were desirable.

Analysis of variance of combining ability for yield and its component and
grain quality characters are presented in Tables ¥ and ¢. Analysis of variance
of combining ability for yield, its component and grain quality characters
revealed significant differences among genotypes, crosses, lines, testers and
line x tester interactions. The significant differences among the lines, testers
and lines x testers indicated that the genotypes had wide genetic diversity
among themselves for all traits. The significant of the means of sum of
squares due to lines and testers indicated a prevalence of additive variance.
However, significant differences due to interactions of line x tester for all the
characters, indicating the importance of both additive and non-additive
variance. Variances of SCA were higher than the GCA variances for yield, its
component and grain quality characters except for days to complete heading
and gel consistency which indicated preponderance of non-additive gene
action in the inheritance of the traits.
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This was further supported by low magnitude of gca/sca ratios (Table ¥
and ¢). It suggested greater importance of non-additive gene action in its
expression and indicated very good prospect for the exploitation of non-
additive genetic variation for traits through breeding program (Ramalingam,
Y44Y; Annadurai and Nadarajan Y+ +) and ElI-Abd etal Y+ V).

General combining ability effects:

General combining ability effects of lines and testers for yield and its
component characters are presented in Table ©. Variation in general
combining ability (GCA) effects was estimated among lines and testers for
eight plant characters of yield and its component to identify the best parent
for subsequent hybrid development program. The results of days to complete
heading and plant height showed negative GCA effects, while in case of other
characters positive GCA effects are desirable. Minimum plant height is
needed to protect the crop from lodging. Therefore, GZ A%e)-3-V-)-Y was a
potential female parent and has highly significant GCA effect in the desirable
direction (negative direction) for days to complete heading and plant height.
These findings are in accordance with Sarker et al., (Y++Y). The female line,
GZ A3e)-4-v-)-Y indicated highly significant GCA effects for panicle length,
number of panicle per plant, number of filled grains per panicle, Y++ grain
weight and grain yield per plant. These results are in conformity with Singh
and Kumar (Y++¢) and EI-Abd et al (Y+ +V).

Among testers Sakha :Y is the potential male parent having negative
and highly significant GCA effects for days to complete heading and plant
height thus confirming the findings of Roy and Mandal (Y:+") and Shehata,
(Y++£). Among testers, positive GCA effects are important for panicle length.
Therefore the tester Sakha Y+ Y having the positive and highly significant GCA
effect was the potential parent which the selection will be effective for their
efficient use in subsequent hybrids development with more longest panicle
length. These results are in line with Roy and Mandal (Y- +)) and Sarker et al.
(Y++Y). The male parents Sakha '+ and Sakha )+ ¢ showed highly significant
GCA effects for number of panicles per plant, number of filled grains per
panicles, )+ grain weight and grain yield per plant. respectively. However,
Sakha ) Y indicated negative and highly significant GCA effect for sterility %.

General combining ability effects of lines and testers for eight grain
quality characters are presented in Table 1. Variation in general combining
ability (GCA) effects was estimated among lines and testers. The results of
gelatinization temperature and amylose content % showed negative GCA
effects, while in case of other characters positive GCA effects are desirable.
Therefore, GZ AYYY-YY-1-Y-) and GZA401-4-Y-)-Y js a potential female parent
and has highly significant GCA effect in the desirable direction for
gelatinization temperature and amylose content %. The female line GZ Ad¢o)-
4-¥-)-¥ indicated highly significant GCA effects for hulling % milling %, head
rice %, grain elongation % and gel consistency traits.
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Concerning testers Sakha )¢ was the potential male parent having
positive and highly significant GCA effects for grain shape, hulling % milling
%, head rice %, grain elongation %, gel consistence and negative highly
significant for gelatinization temperature and amylose content %. Among
testers, positive GCA effects are important for panicle length. Therefore the
tester Sakha Y+ ¢ having the positive and highly significant GCA effect. The
potential parent wherein the selection will be effective for their efficient use in
subsequent hybrids development.

Specific combining ability effects:

The estimates of specific combining ability effects of VY rice hybrids for
yield and its component are presented in Table Y. Low days to complete heading
and Minimum plant height was desirable trait of rice crop. The cross GZ AYYY-\Y-
V-Y-) x Sakha Y:¢ was the best showing negative and significant combining
ability effect of -1,Y1 and -V,¢) for days to complete heading and plant height
respectively. The results confirm the findings of Rogbell et al. (Y4%A), Roy and
Mandal (Y:+)), Sarker et al. (Y+:Y), Shehata (Y:+¢). and EI-Abd et al (Y:*V).
Increased panicle length and more number of panicles per plant were also a
desirable trait of rice hybrids with increased yield/plant. The cross combinations
namely GZ A40)-4-V-)-Y x Sakha )+ ¢ and GZ A¢eo-1-A-Y-\ x Sakha )+ ¢ possess
highly significant and positive SCA effects for panicle length and number of
panicles per plant. These studies was in conformity with the reports of El-Abd et
al (Y++V). The positive and significant SCA effect for number of filled grains per
panicle was recorded in five crosses combinations i.e., GZ AYYY-¥-)-Y-) x Sakha
Vo&, GZ AoY-4-Y-)-Y x Sakha V£, GZ ATYYA T -Y-) x Sakha VY, GZ AfoT-T-A-
Y-) x Sakha Y+) and GZ A¢eY-1-A-Y¥-) x Sakha V¢, whereas GZ AYVYY-1Y-)-Y-) x
Sakha Y+«¢ and GZ AfeY-1-A-Y-) x Sakha ):¢ exhibited negative and highly
significant SCA effects for sterility %, while GZ A£eY-1-A-Y-) x Sakha Y+Y have
highly significant positive SCA effect for Y :-grain weight. These results are in
line with the findings of Roy and Mandal (Y +)) and Singh and Kumar (Y+ + ¢). The
grain yield/plant is an ultimate objective of rice breeding and hybrid development
programs. The cross combinations GZ A403-4-Y-)-Y x Sakha Y+, GZ Afoo-1-A-Y-
Y X Sakha )+ ¢, GZ Ateo-1-A-Y-) x Sakha )¢V, GZ Ae)-4-Y-).¥ x Sakha 'Y, GZ
AYYY-VY-)-Y-) x Sakha Y+ ¢ and GZ AYVYY-V\Y-)-Y-) Sakha ):) revealed positive
and highly significant SCA effects for yield/plant. This is in agreement with the
results obtained by Ganesen and Rangaswamy (Y44Y), Roy and Mandal (Y« *)),
Sarkeretal., (Y++Y)and Singh and Kumar (Y« ¢).

The estimates of specific combining ability effects of 'Y rice hybrids for
yield and its component are presented in Table A. The results showed highly
significant and positive SCA for grain shape was obtained from GZ AYVYY-)Y-)-Y-)
x Sakha Y:¢ and GZ Atee-1-e-Y.) x Sakha ):¢. While highly significant and
positive SCA for hulling %, milling % and head rice % were recorded from GZ
AYYY-AY-Y)-YY x Sakha V€, GZ Afee-t-o.Y-) X Sakha Y+ ¢ and GZ A¢eo-i-o-Y.) x
Sakha ) crosses respectively. Longest of grain elongation was desirable trait of
rice grain quality, there for highly significant and positive SCA was recorded from
GZ Ateo-1-A-¥.) x Sakha )+ Y and GZ A¢20-1-A-Y-) x Sakha )« ¢ crosses. On the
contrary, cross combinations namely, GZ Atee-1-A-Y-) x Sakha ‘+{ possess
highly significant and negative SCA effects for gelatinization temperature and
amylose content %.
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The information on the nature of gene action with respective variety
and characters might be used depending on the breeding objectives.
Investigation of GCA effects revealed that among lines and testers were good
general combiners for grain yield and the other traits. Hence these good
general combiners of males and females may be extensively used in future
for hybrid rice breeding program. Determine the usefulness of a particular
cross combination in the exploitation of heterbeltosis. In the present study,
SCA effects in six crosses were highly significant and positive for grain yield.
Majority of these hybrids involved at least one parent with positive GCA
effect. Similar results have been reported by Rao et al. (Y441).

Among the six crosses GZ A1e1-34-V-)-Y¥ x Sakha )+, GZ Afeo-T1-A-Y.
Y X Sakha V£, GZ Afeo-1-A-Y-) x Sakha )Y, GZ A%2)-4-Y-).¥ x Sakha )Y,
GZ AYYYIY-)-Y-) Sakha VY+¢ and GZ AYVY-\Y-)-Y-) Sakha Y:) which

depicted highly significant positive SCA effects for grain yield, only one
crosses(GZ A4903-4-Y-1-Y x Sakha )+ V) showed high heterobeltiosis (Table 9).
Dhaliwal and Sharma (Y%?+) reported that non-additive gene effects were
predominant for yield and its components. It is evident that cross
combinations, which expressed high SCA effects for grain yield have
invariably exhibited positive SCA effects for one or more yield related traits
also. While selecting the best specific combination for yield, it would be
important to give due weight age to yield related traits. Grafius (Y%2%) had
already suggested that there is no separate gene for yield, but yield is an end
product of multiplicative interaction among various yield components.
Heterosis:
Percent heterobeltosis was calculated for eight yield, its components

(Table ). The degree of heterobeltosis varied from cross to cross and from
character to character. Alam et al., (Y++¢) and Shehata, S.M (Y« £). negative
heterobeltiosis was desirable for days to complete heading and plant height
but for rest of the characters positive heterobeltiosis was desirable. Highly
significant and negative heterobeltiosis were lasted from crosses combination
GZ Atoon-AY-) x Sakha Y+) and GZA£ee-1-A-Y-) x Sakha V-+¢. Positive
heterobeltosis and highly significant for panicle length was recorded from GZ
AYYY-YY-)-YY x Sakha Y+ ¢ and GZ A%e)-3-v-)-Y x Sakha Y+). While highly
significant and positive heterobeltiosis for number of panicles per plant was
recorded from GZ A321-3-V-)-Y x Sakha )Y followed by GZ Ade)-3-V-)-¥ x
Sakha Y+Y. On the other hand highly significant and positive heterobeltosis
for number of field grains / panicle, Y+« grain weight and grain yield were
recorded from GZAYYY-\¥-)-¥-) x Sakha Y+t and GZA4e)-4-v-)-Y x Sakha
V) respectively. The results were agreed with Watanesk (Y44Y), Rao et al.,
(Y441, Li et al., (V243V), Perera et al.,, (Y:+)), Nuruzzaman et al., (Y++Y) and
El-Abd et al (Y+ V).

Percent heterobeltosis was calculated for eight grain quality characters (Table
Y+). Highest significant and positive degree of heterobeltosis for grain shape,
hulling%, milling% and head rice% were recorded from GZ Afee-1-A-Y-) x Sakha )+
cross. While highly significant and positive heterobeltosis for grain elongation and gel
consistence were leasted from GZ Afee-1-A-Y-) x Sakha )+Y cross. on the contrary
highly significant and negative heterobeltosis for gelatinization temperature and
amylose content % was obtained from cross GZA¢ee-1-A-¥-) x Sakha Y+ ).
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In view of this, it appears that heterobeltosis for yield may be through
heterobeltosis for individual yield components or alternatively due to
multiplication effects of non-additive gene effects of component characters.
Generally, high x high, low x high and high x low general combiner parents
produced good specific cross combinations. In these crosses additive x
additive, dominance x additive and additive x dominance type of gene action
was found. In cases, high x high general produced inferior cross
combinations indicating epistatic type of gene action for these traits. Six good

specific cross combinations GZ A40Y-4-V-1-¥ x Sakha Y+, GZ Afeo-T-A-Y-) x
Sakha )+ ¢, GZ Afee-T-A-Y-) x Sakha Y+, GZ A40)-4-V-)-¥ x Sakha V¥, GZ
AYYY-AY-)-Y-) x Sakha Y+€ and GZ AYYY-YY-)-Y-) x Sakha Y+) might be

released as promising lines for commercial utilization after further study.
Ultimate aim of breeding is to gain the heterotics yield associated with other
heterotic characters. Yield is the complex character of all other vyield
contributing characters. Percent better parents were calculated for grain yield
and seven yield related traits (Table ). The degree of heterosis varied from
cross to other and from character to other. Concerning days to complete
hading, plant height, gelatinization tempreture and amylose content negative
heterobeltosis were desirable but for rest of the characters positive
heterobeltosis were desirable. Desirable and significant heterobeltosis for
grain yield was found in five crosses namely, GZ A%2)-4-Y-).¥ x Sakha )+),
GZ Ato0-1-A-Y-) x Sakha )+ ¢, GZ A£00-1-A-Y¥-) x Sakha )+ ), GZ Ade)-4-Y-).Y
X Sakha Y+ ¥, GZ AYYY-1Y-)-¥-) x Sakha Y+ ¢ and GZ AYVY-)Y-)-Y-) x Sakha
Y +) associated with higher heterosis for most of the yield related traits.
Estimates of heritability and expected genetic advance:

It is clear from Table (V) that Heritability in broad sense estimates (hYb.)
were higher than their corresponding ones of narrow sense heritability (h'n.)
for all studied characters. High broad sense heritability (1%,YY7) was recorded
for days to complete heading. It was found to be moderate (Y4,°¢7%) for milling
% and to high for panicle length (32,A17%). High narrow sense heritability was
recorded for number of filled grains/panicle (¢+,)£7%), while it was ranged from
low to moderate, in other remaining grain yield and gain quality traits. The
variation among the heritabilities in both broad and narrow sense values
might be due to either gene expression of the trait. The results also revealed
that the magnitude of heritability in narrow sense was lower than its
corresponding for all studied characters, suggesting the increase contribution
of additive gene effect. Additive gene affects increased in the subsequent
generation, which help the breeders to select the best genotypes in this
generation. So, these materials could successfully be used in the rice
breeding program.

The highest estimates of expected genetic advance were observed for gel
consistency and Y-+ grain weight. While, the low estimates were detected for
amylose content %, indicating that additive genetic variance played an
important role in the inheritance of these traits. Moreover, low to moderate
estimates of heritability in narrow sense, accompanied with low to moderate
expected genetic advance were recorded for most of the studied traits, lead
to conclude that effectiveness of selection of most studied traits might be
practiced in the advanced generations. These results wire in harmony with
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those of Abd-Allah (Y:++), Abd El-Aty et al. (Y++Y), Hammoud et al. (Y++1)
Abd El-Lattef and Badr (Y« + V) and Abdel-latef et al., (Y+1)).

Table V). Estimates of broad (h'b) and narrow (h'n) sense heritability' %
and expected genetic advance (GS%) for grain yield and
grain quality characters.

Characters h'b h'n GS%
Days to complete heading (days) 1,vYy £Y,YY YY,¢0
Plant height (cm) q3,0¢ ¥4,¥1 14,¢Y
Panicle length (cm) 40,1 £0,0Y VY,V
No. of panicles /plant ay,¢0 £),YA yo,v1
No. of filled grains /panicle Ao, EY o,V ¢ VY,
Sterility % q¢,0A Yo,¥1 Y¥, Y4
\ + «-grain weight(g) VE,Y1 ¥y,0¢ VY,0¢
Grain yield/plant AT, 04 £9,¥A Yo,4A
Grain Shape% 4,0 Yo,¢A YY,ov
Hulling % AY,0¢ $.,\0 y¥,é0
Milling % V4,0t v4,0v Y¢,04
Head Rice % Ao, iV YY,Yo Yy,oV
Grain Elongation % q.,Y¢ YLEA 1Y, ¥
Gel Consistence av,o% Y.,0t Y, A
Gelatinization Temperature AY,Yo YE,0A YA,TY
Amylose content % 9¢,YA vY,¢4 q,YV

Estimates of phenotypic correlation coefficient:

Phenotypic correlation coefficients among all possible pars of the studied
traits are presented in (Table 'Y ). Highly significant and positive estimates of
phenotypic correlation coefficient were found between grain yield and each of
hulling %, miling %, head rice %, grain elongation, gel consistency and
gelatinization temperature, while, it was significantly and positively associated
with amylose content %. While, it was found to be highly significantly and
positively associated between number of filled grains / panicle and hulling %,
milling % and head rice. Moreover, significant and positive estimates of
phenotypic correlation coefficient were recorded for Y++ grain weight with
milling % and head rice %. Sterility % was negatively correlated with milling
and head rice %. However, insignificant either positive or negative estimates
of phenotypic correlation coefficient were recorded among other remaining
traits. These results ware in agreement with those of Abd- Allah (Y:++), Abd
El-Lattef et al. (Y++1) EI-Abd et al. (Y V) and Abdel-latef et al., (Y+)).
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Table ‘Y. Estimates of phenotypic correlation coefficients among
between grain yield an grain quality characters.

0 0 i

% % % % Consistence | Temperature %
Plant height (cm) A B B Y LYY EE) A
Panicle length (cm) A A Yo LYY Ve A A
No. of panicles /plant LYY ., Yo YA A YA B R
No. of filled grains o YARE YRR | g YRk oY A Y4 LYY
panicle
Sterility % Rk S VAR | YRk LYY € LY oYY
)+ +-grain weight(g) YA GYYE ]y YA o, YoRx Rt LYY
Grain yield/plant S, iy S YRR | gk oY ARR L EVRE oY ARR LYY
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Table Y. Means of the estimated grain yield and its related characters using Lins x Testers inVY F\ rice cross combinations.

genotypes Days to . Panicle No. of No. of filled . .

complete |Plant height | th anicles rains Sterility % \+e-grain Grain

heading (cm) eng P grai y weight(g) yield/plant

(cm) /plant /panicle
(days)

Line
Vo GZ-AYYY-YIY-Y Yoy ARR YoV, Y Y1, Y1,¢ You.,Y V¢, Y, £4,Y
Y- GZ-Ad0)-4.vay -y AR Y.o,Y Yvy,¢ Yo, Y14,y ',y Y,o £1,Y
Y- GZ-A£00-T-AY-) 99 1,y Yo,¥ Y¢,Y YYY, ¢ YA Y,o £A,Y
Testers
¢- Sakha )+ V¢ LYY Yo,1 YY) VAY,Y Vyo,Y Y1 £e,Y
o-Sakha VY q0 Yeu,Y A Yo, VYo, VE,A Y,o £4,Y
1-Sakha )+ ¥ a. a9,y YV, A Yy, v REW V1LY Y,0 £y, ¥
Y-sakha )¢ A Y4,y Yy,o Yy,¢ Véo,¥ Vo,Y Y,V v,y
Crosses
GZ-AYYY-YY\-Y-) x Sakha Y+ Y.o,Y VYi0,¢ AR Yo,¢ V1Y, Y Vo,Y Y, ¢o,Y
GZ-AYYY-VY\-Y-) x Sakha )+ ¥ Yoot YooY YyY,o Yo,V ARE Y V¢,1 Y, £Y,Y
GZ-AYYY-\Y-\-¥o) x Sakha Y+ YAV Yoy, Y Yv,n Yv, Y ¢4,y Vo,Y Y,o £¢,)
GZ-AYYY-\¥-)-¥-) x Sakha )+ £ Yeo,¢ VY., Yé,1 Yv,o V\he,0 V1,8 Y,V £4,Y
GZ-A301-4-V-\-Y x Sakha )+ Y,y Yau,t Yv,o YV, YWY, € yo,v Y, £9,Y
GZ-A40Y-4-Y-).¥ x Sakha Y+ ¥ Yoo, YY,Y Y1,A Yo,v VEY,Y 'Y, Y,0 £Y,Y
GZ-A401-4-Y-)-Y x Sakha '+ ¥ YaY,Y Yo, ¢ Y¢,q 14,y Voo, yo,¢ Y,0 £),Y
GZ-A301-4-Y-)-Y x Sakha )+ ¢ \EEA YA Yo,¢ Yo,V Voo,¢ ‘1,0 A £A,4
GZ-At00-1-A-Y-\ x Sakha Y+ ) YaY,Y VoA, € Y¢,1 YY,Y \14,Y YV, Y, to,Y
GZ-At00-1-A-Y-\ x Sakha Y+ ¥ qn, ¢ 9A, ) Y¢,1 YY) VEE,Y 1, ¢ Y,0 £Y,Y
GZ-A¢e0-1-A-Y-) x Sakha V¥ Yay,Y Yoy Yo,¢ YY,vy VoA, ¢ Vo,V Y,e £4,Y
GZ-At00-1-A-Y-\ x Sakha Y+ ¢ qv,Y Y1y Yo,) Y,y VLY Yo,Y Y, £Y,Y
LSD ° % ),Y Y, ¢ A AR Y, Y \,Y .Y Y, ¢
LSD ' % Y,t ¥,1 Y,y v, £,y Y, A ¥, Y
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Table Y. Means of the estimated grain quality characters using Lins x Testers in\Y F\ rice cross combinations.

genotypes Grain N T c Grain Gelatinization| Amylose
Shape% Hulling % Milling % Head Rice % elongation % (_3e| temperature | content %
consistence
Line
GZ-AYYY- Yo oY) Y,o va,Y VY, Y 10,0 A .,y 1,1 YV, A
GZ-Ade)-a.voy .y Y1 AY,¥ Ve M, € VY A€ 1,0 V4,¢
GZ-A£00-T-AY-) Y,0 AY,Y Ve, TV, ¢ LYV AA,© 1,1 YA
Testers
Sakha )+ ) Y,v AY,¥ Ve 14,Y ova ., 1,¢ YA
Sakha )+ Y Y, ¢ Av,Y Vi, TV, ¢ ) A4,V 1Y Y4,Y
Sakha ) ¥ Y,v Va1 VY, € TE,A LAY ¥, 1,0 VAT
Sakha )+ ¢ Y, AV, VY, A TALA YA ay,¢ 1Y V1,0
Crosses
GZ-ATVY-\T-1-7-) x Sakha V) Y,¢ AY,Y Ve 14,) oy AN 1,1 YY,V
GZ-AYYY-VY\-Y-) x Sakha )+ ¥ Y,V AV, YY,o TA,0 VY Ao, A 1,y Yo,Y
GZ-AYYY-VY-)-Y-) x Sakha Y+ ¥ Y,o Aoyt ve,q 1o, Ve a1 1,0 YY,o
GZ-AYYY-\Y-\-¥o) x Sakha V+ ¢ Y,o AY, ¢ Yo,Y¥ 14,¢ ., Yo ALA 1,y VY, Y
GZ-A0)-4-Y-)-¥ x Sakha )+ Y,¢ AY, € V.4 T, Yo A4LY 1,y 14,V
GZ-A40)-4-Y-)-¥ x Sakha ) + Y Y,1 A, vY,o A LY AV, Y 1,y 14,1
GZ-A0Y-4-V-).¥ x Sakha )+ ¥ Y.¢ A0 VY, 10,) A ay,v 1,4 V4,0
GZ-A40)-4-Y-)-¥ x Sakha )+ ¢ Y,0 AvLY VY,¥ LA Yo AY,¥ 1,y Yo,
GZ-A£00-1-A-Y-\ x Sakha ) ) Y,1 Va1 VY TE,Y ) .,y 1Y YA
GZ-A600-1-A-Y-\ x Sakha ) + ¥ Y,0 A VLY v, Yo ALY LA VY, Y
GZ-Ai00-1-A-Y-) x Sakha )+ ¥ Y,1 AvLY VY,Y 10, LYY AY,1 i) ',y
GZ-A¢00-1-A-¥) x Sakha )+ ¢ Y, VA,Y VLY 16,1 VY AS,Y 1A V1LY

q0¢
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Table ¥: Analysis of variance for combining ability of rice yield and its component characters.

Source of df Days to complete |Plant height| Panicle length | No. of panicles No. of filled Sterility | Y+ +-grain Grain
variance heading(days) (cm) (cm) /plant grains/panicle % weight(g) | yield/plant
Replication Y ¢,Yo Y, V08 £,71 YiVY,vo Y,\Y \,V¢ Y4,%0
Genotypes YA VO, Y AR YIVE,York 9, EY%x Yo,V ienx VYYY,)o*x 0,y xk YY,Yoxx 990§,y ) **
Parent 1 EYAY, FUHx oYY, &) xx 0g,Yaxk Yoo, Yok O &Y, Y ARK Ya,00k XY, ewk YY90A, Y 5%
PvsC ) EYY,Vorx A, €V F* YY O, YRk £YT, Yok EVTY,Yoxx Y4,¥oxx VE,YARK ViYog,Yoxx
Crosses N YAY, Y rk VYR, 0 g%k Y,y ex* Y&,V AR YATY, Y * of,Yqx* YA, Y £%x YYYoY), 1ok
Lines X RS You, sVxx TY, ¥ Y§, ¥V Yot Yo £5,YoRx YY, ¥R YYIYE, ¥R
Testers Y YEV, 0Tk YYYR, Y oxx Yq,¢0%% YAA, ¥ Exx YYAY,Toxx Y1, 08%% Yo, Yexk [ ¥Yo£V),Yoxx
LxT 1 T, YRk €0, 0%k VA,V Ex% LV, YR YAVE, Yoxx YY Towx VY,V Exx YEOYY, ey*x
Error ¥ Y, 7Y Y,ov V,Y¢ Y,AY £Y,V) YY) V.Y Y1,YV
o gca 1 £8,YYHx €, Yoxx Y, ¥Rk Y, ) Tk Yq,0¢8%* ¥, Y oxk I TV, eTex
o sca N Y, ¥k Yo, ¥ YRk Yo, gk Vg, YR EYY,TYRx VY,V ek 4,V ARK V1Yo, 08%k
c‘gca/c‘sca Y,eq YA o W \o el oYY DRI LYY
Cv (%) Y70 N 1,60 A, Y v,¥a V,0¢ Y, Y
*and ** significant at +,+¢ and +,+\ levels of probability, respectively.
Table ¢: Analysis of variance for combining ability of rice grain quality characters.
Source of df |Grain Shape% Hulling Milling Head Rice Grai_n Gel Gelatinization Amylose
variance % % % elongation % | consistence temperature content %
Rep|ication Y YA ¥,0A Y,A¢ ),4v .,0v £,V ),4¢ e
Genotypes YA Y4,YTH* YAY, s 0%k YOA, Y E*% VY,V eRx VY, Yoxx 149, Y¥** YY,Yorx oY, Y Yk
Parent 1 YV, ) anx YV, TR [ XYY Y 144V, ) o%x 4,V gx* oYY, ) Tk Y4, EvH* £),FUHx
PvsC ) VY,V Exx FYY,Y % YYE,)arx Y oY, oxk VY, ¥R £9V,YTxx XY, YR YVA, Y Exx
Crosses B Yo, ¥ Y*x YVE, N TH* YV, ERx YYY, Y VY, £ex Yog, YR £), YRk AY, Y T
Lines Y R YAV, Y A** Yo, YYHx 99, Yox* YA,V Y*x Yo, Yyrx TY, YRk Y, TRk
Testers Yo EvHx YY,1qk 149, YV** YYY,Yoxx A XYY, Y YA,V Exx R
LXxT 1 q4,Yoxk £9, Y AxK Yo, Yk Y4,Vex* A, Y ¥rx T, PR YV, Y Hx VY, Y a%x
Error 1 Y, 1 Y0 Y,4v Y, ¥V B Y,vo ),44 ),¥Y
o gca 1 Y, ) Yrx Vg, FURx VY, 6V %% ALY R £9,VY** Y, YR ¥, e
o' sca N A, V*x Yo,yFuw* YY,) E%% Y4,V ¥, Y U YY, Y TR Yo, qenk Y& AV
o gca/o'sca Yo 0% .or EY o V,EA o R
Cv (%) YY Y,AY 1,Y¢ °,Y4 Y,av LAY Y,v4 v, Y1

*and ** significant at +,+¢ and .+ levels of probability, respectively.

q00
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Table ¢. General combining ability (GCA) effects of yield and its component characters in rice.

genotypes rl?ays_ to Plant height Panicle No. of panicles No. Of.f'||8d . \+e-grain Grain
eading length grains Sterility % . .
(cm) /plant - weight(g) yield/plant
(days) (cm) /panicle
Lines
GZ-ATYY-\T-) o) o, Y Yk ¥, VR SV,AE S),8Y _o,¥¢ Y,Yex LAY Y,V ex
GZ-A301-4-Y-).Y g, qVHx 0, £ YRk ),T4 Y, 0k YY, Y ¥, oV kK Vv ¥, oV kK
GZ-A£00-1-A-Y-) S),eY YRk 1Y ANEE: Y, ) YHE VYT IR ), Ev
SE (ig) oYY YA LAY LYY ),ev A Y Y
Testers
Sakha ) ), Yy RN RRTE Y, £k YY, ¥ ex A, £V ¥, EVHx Y, TARE
Sakha )+ Y ¥,0 ¢kk V), VAR €Y rr o, Yk VYR ), Yok g, VYR L0, £q%%
Sakha )+ ¥ o, Yoxx o, £\ ** Y,Vax Y AERE 9, go%k Y,av* Y, vax Y, ¥
Sakha V-« ¢ Y4, Y A*x VLT ARE FRL 0, qyx £0,YARE Yo, 8 H% ¥, EVEx ¥YVEE
SE (ig) RS A e Y Y,4v LAY oYY ., oF
*and ** significant at +,+¢ and +,+ ) probability levels, respectively.
Table 1. General combining ability (GCA) effects of grain quality characters in rice.

Grain . - . Grain Gel Gelatinization Amylose
genotypes Shape% Hulling % Milling % Head Rice % Elongation % | Consistence | Temperature cont)c/ant %
Lines
GZ-ATYYIT-) ¥ Lar £,) YR* Y, YR Y,y T Y, yxx Y, Yy R Y TRx
GZ-A321-4-Y-).7 \,Yo KT £, ¥ axx ¥, Y Uk RS o, Yk R LAk
GZ-A£00-1 AT 1Y a0Y ), Ak L YT Y, Y ok Y,Yox Y,q0%%
SE (ig) e oYY ey oYY 0 \,Yo B Y, 0¥
Testers
Sakha )+ S), ) TR 9,V Exx A, YVr* _g, ) Rk Y, Y ok S ¥,y ok% S, Y ARK
Sakha VY ¥, 08%k SV VERk Y gx* RRrE Y,Y £k 4,17 o,V ¥k T, Y VR
Sakha )+ ¥ Y, VTR R 0,9 y* Y, ) Ak ), Ak g, Yorx £,7 )% A, 0 £¥%
Sakha V¢ T, Yk VY, VY, A, £V** ¥, Yoxx AR Y, Yoxx AT
SE (ig) EY Y Y 00 Y Y, v A ), 60

*and ** significant at +,+¢ and +,+ ) probability levels, respectively.
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Table V. Specific combining ability (SCA) effects for grain yield and its component characters in rice crosses.

genotypes Days to Plant height Panicle No.of |No. of filled - Y+ -grain Grain
complete length panicles grains Sterility % . .
heading(days) (cm) (cm) /plant /panicle weight(g) | yield/plant
GZ-AYYY-\Y-).¥) x Sakha Y+ ) ¥, Y Y, av* Y, ¥R o, Aq** VY, EVv*x -),0F €0 q,Yox*
GZ-AYYY-\¥-\-Y-) x Sakha )+ ¥ Y, ¥ £,7 ), €0 Yo,y AR o, £\ ¥, YV SAT, g owk
GZ-AYYY-\¥)-¥-) x Sakha )+ Y, &)k Y, ov* Y, a vk Y,av L0, £k Y,Y4 Ay Y, Yok
GZ-AYYY-\¥-\-Y-) x Sakha )+ ¢ EWRETS IV, ) e ) Y,AT* YY, £V Y, ek Y, 1% Yo, Y TR
GZ-A30)-3.Y-).Y x Sakha )+ Y,av* Y40 y,o17* Y, 0Ak® q, 8\ % Y00 AL _of, YTk
GZ-Me)-4_Y\_¥ x Sakha )+ ¥ -1,Y4 R 2,04 VY, Ve L8, YR ER Y Yo, ¥ kK
GZ-A©)-3.¥-\-¥ x Sakha )+ ¥ _E,Yoxx 04 SV, Y AR YU AYRE ¥,av* VA YA TE, Y Ewx
GZ-A30)-3-Y-).Y x Sakha V + ¢ Y,14% Y, Yox Y, AE*% Y4,VeR* Y4,V Exx e oYY VY., ¥R
GZ-A£00-1-A-Y-) x Sakha V) Y, A€ YvE S),av SV, Yok q,Y g ), Ak A4 oL, ¥ AR
GZ-At00-1-A-Y-) x Sakha V) + ¥ Y LY XY Y, ¥ -9, AVH 1, EYRE ¥, A _£9,YARK
GZ-A£00-1-A-¥-) x Sakha )+ ¥ Y,qv Y, t0% Y, ev YV, eV A, YV .ov LY AR
GZ-Ate0-1-A-Y-) x Sakha V + ¢ ¥, Y oxx o, Yy Y,y VY, 1Y q, ¢ 0%k Y, Ay V,AE* AR
SE (ijs) Y,YY VY 10 Y, v Y,9A A € Y
*and ** significant at +,+¢ and .\ levels of probability, respectively.
Table A. Specific combining ability (SCA) effects for grain quality characters in rice crosses.
enotypes . . Grain Gel Gelatinizati
g P SE;?:% Hulling % Milling % Heatsl%Rme elongation consistence on c'o(;rr?tﬁr?tsoe/o
% temperature
GZ-AYYY-\Y-\-Y2) x Sakha V) Y Y, Y Y,08% Y,y Y Y, -, 8Y Y,V
GZ-ATYY-\Y-V.Yo) x Sakha Y+ ¥ Y, qyvrx _E,Qk% o), YY o), A WA o, Y 1kx Y, 0YHk Y okk
GZ-AYYY-\Y-\.Y-) x Sakha Y+ ¥ SAY KR o, v S\LYY Y ¥, Qvex -), 60 Y, Yo
GZ-AYYY-\Y-\-Y2) x Sakha V+ ¢ Y, E)xx q,VY** Y,V gk Y,qVrx Y, Yk Y, Y axk Y, 0 8%k §,AQ**
GZ-M0V-4-Y)-Y x Sakha Y+ ) VY £, TRk \,YY VLY LYY KAZE R Y, EA
GZ-MoV-4-Y)-Y x Sakha '+ ¥ INRY? L0, \kk ) -v,44 BER) S5, Y VR o), oY, 60
GZ-AeY-4-Y-\-Y x Sakha '+ ¥ A Y RN Y oYY -Y, ¥ -),4v _Y, Y oxk
GZ-MoV-4-Y-)-¥ x Sakha )+ ¢ L ¥, avEx ¥, Y oxx Y, o ARK SR Y, Y VR VYA Y, av*
GZ-Aéeo-1-A-Y-Y x Sakha Y+ ) .,av £,V )H* ¥,V exk AR A §,Yoxx oY, ¥, Y Axk
GZ-A¢e0-1-A-¥-) x Sakha )+ Y R S, YY VN S),AE ),y -Y, 60 Y, EVrx £, %
GZ-Ai00-1-A-¥-) x Sakha ¥ BEY ¥, Yoxx -Y,¢4 S, AY & RRTE Y, 4 Y, AvEE
GZ-A¢e0-1-A-Y-) x Sakha V+ ¢ Y, qkk AR 0,8V xx £,Y Y xx Y, Yo%k 0,9V ¥, VR L0, 8 Yk
SE (ijs) Y V,A¢E V.Y .,av e Y, oA EA \,6Y

*and ** significant at +,+¢ and +,+ ) levels of probability, respectively.
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Table 4. Estimates of Heterobeltiosis (Hb) for yield and its component characters in rice crosses.

genotypes Days to Panicle No.of | No. of filled . .
complete Plant | . . P \+e-grain Grain
headin height (cm)|  '€"9th panicles grains | Sterility % |\ oiohy ield/plant
g ght (cm) ght(g) Y p
(cm) /plant /panicle
(days)
GZ-AYYY-VY-)-Y-) x Sakha ) +) ANt Ve gxx -£, YR YA g**x -y Y exk -Yeo) SACY TERE
GZ-AYYY-1Y-)-Y-) x Sakha '+ ¥ oY Rk TR BN L YA ERx S) AR Vg VYo ) ECYARE
GZ-AYYY-VY-)-Y-) x Sakha )+ Y T yrx Yoo ¥ -Yde S) Y eoyEx - Yl exk B aty A i
GZ-AYYY-IY-)-Y-) x Sakha )+ ¢ VYeEA YAk IR SY YRR QYRR VLY ARX Yoy yrx T akx
GZ-A30)-3-V-)-Y x Sakha V) AT AFEE YA gxx YYVY*x YA S0 kX VYo Yoo ARE
GZ-A39)-3-V-)-Y x Sakha '+ ¥ RE Y)Y _V¢o) Yo, g0k SyocqnEk V) gk ey IR
GZ-A40)-3-V-)-Y x Sakha + ¥ YeqA Yoo ¥ RSt Yo, Yixx “ACY ARE STcYorx AR % S) EcONRE
GZ-A30)-3-V-)-Y x Sakha )+ £ Vel YoAo* -YeYE S0, YHE A EFARLL AT -Yeoq¥* Yo €
GZ-Atee-T-A-Y-) x Sakha ) +) ARTA i S\ Yokk -, VYR ) TRx -Veve A AR ARAR] Yoy
GZ-A£00-1-A-Y-) x Sakha )+ ¥ Yoy ok Yoo A —§,08%k SE )R )Y YR Y ECYARK gy SAC QR
GZ-Ate0-1-A-Y-\ x Sakha )+ Y Yoo yrk VY QK _Veov LAY Y Rx SACY YRk LR Yoed SV Yo Rk
GZ-Ateo-T-A-Y-) x Sakha )+ ¢ RPNz R SYoYe SEO) TR R ST ork XYY IR
*and ** significant at +,+¢ and +,+ ) levels of probability, respectively.
Table ) .. Estimates of Heterobeltiosis (Hb) for grain quality characters in rice crosses.
enotypes : : L
g yp Grain Hulling % Milling % |Head Rice % Gra|_n Gel Gelatinization Amylose
Shape% elongation % - temperature content %
consistence
GZ-ATVYY\YV-Yo) x Sakha Y+ ) EATE SV GEA Yoy CeEY S) Y raRx XYY Yoy YH* YY Y Y*E
GZ-ATYY-\Y-V.Yo) x Sakha Y+ ¥ YA ER* YeYox SV Yex —Y4 Nt _o(o0okk Ve T\ coVkr
GZ-AYYY-\Y-\-¥.) x Sakha V¥ LV A ERE )oY R R Y oxx Yoo Yoot YV Y yH*
GZ-ATYY\YV.Yo) x Sakha V- ¢ RN SV oYY \(Yox Yoty Ry Y4 VoA Ty oxx
GZ-M0V-4-Y)-Y x Sakha Y+ ) S5, YR VoY * N T _o¢ Kk Y] -Veon -Yeon
GZ-MoV-4-Y)-Y x Sakha '+ ¥ £\ ek R AR _V(qoxx Y Vv SYeve SVoA -Veo0
GZ-A4eV-4.V)\-Y x Sakha )+ ¥ S8, AVRx R VYo A AR RPRY Yooy 000Kk
GZ-M°oV-4-Y)-Y x Sakha '+ ¢ AN AT _Ea %k Yt Ky R S YA Yo,r\xx
GZ-M00-1-A-Y-Y x Sakha Y+ ) AY TRk £V R Ot akk ) EoEVRr S) ey YR Y Ty oxk SOV akk
GZ-M00-1-A-Y-) x Sakha Y+ ¥ £0) TR SVeYa AN EARE Vevo YorvEs V,0A -Y(o0o
GZ-MN00-1-A-Y-) x Sakha Y+ ¥ AYyrs AT _fol 0%k SY4A S A S Vork SNy o o0%%
GZ-M00-1-A-Y-Y x Sakha V- ¢ AR ST YR L0k Kk LE EVRR AR SN0k AR RPN

*and ** significant at +,+¢ and +,+\ levels of probability,

respectively.
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